Multibeamlet Steering by Aperture Displacement for the LHD-N-NBI Ion Source by M. Hamabe et al.
§18. Multibeamlet Steering by Aperture 
Displacement for the LHD-N-NBI lon 
Source 
Hamabe, M., Takeiri, Y., Ikeda, K., Oka, Y., Osakabe, M., 
Tsumori, K., Asano, E., Kawamoto, T., Kaneko, 0. 
In the multibeamlet H- ion sources for N-NBI, 
extracted H- beam suffers deflection by the magnetic field 
around the extraction grid to suppress the electrons, which 
are extracted simultaneously with H-. Polarity of this H-
beam deflection alternates line by line. Hence, this 
deflection leads to the increase of injected beam diameter. 
It is essential to correct this H - beam deflection for the 
effective beam injection through the narrow port into the 
plasma. In the previous work[1], we examined the beam 
steering technique by the aperture displacement with the 
1 /3-size multibeamlet H - source and confirmed that this 
method was effective to correct the H - beam deflection. 
We employed here the special structure of extraction grid 
(EO) where only the apertures of the exit part of the 
extraction grid (EO-Exit) could be displaced. 
Based on these results, we applied this technique to 
the LHD-N-NBI negative ion source and tried to find a 
suitable displacement for the actual dimensions of the 
accelerator of this source. 
Only the one central segment of longitudinal five 
segments of the accelerator was used for this experiment 
since high heat load of the H - beam extracted from all 
segments could damage the calorimeter array to measure 
the H- beam profile. The extraction area is 25 em x 25 em 
and 154 apertures are drilled in the segment. The apertures 
in the grounded grid (00) had displacements to 
concentrate every beamlet to the focal point downstream 
by 13 m unless the H- beam deflected. The dimensions of 
the accelerator were modified from the previous beam 
steering experiment, as shown in Fig. 1. The strength of 
the electron suppression magnetic field of EO on the 
aperture axis is reduced from 67 mT in the previous 
experiment to 60 mT at maximum since it was . supposed 
that the previous strength was too strong. 
Two aperture displacements of the EO-Exit ( &g = 1.0 
mm and 1.1 mm ) were tested here. The displacement of 
00 bore only focusing of beamlets. Figure 2 shows the 
beam deflection angle as a function of the beam energy. 
For &g = 1.1 mm, deflection angle ljf < 0 mrad, i.e., over-
steering was observed at the beam energy more than 110 
keV. On the other hand, zero deflection angle, i.e., 
complete correction was estimated nearly at 170· keV for 
&g = 1.0 mm from extrapolation of the results below 140 
keV. 
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As the results, a displacement of 1.0 mm of the EO-
Exit apertures should be proper to compensate the beam 
deflection due to the electron suppression magnetic field 
in 180 keV negative ion sources of the LHD-N-NBI. 
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Fig. 1 Schematic diagram of the three-grid accelerator 
with the aperture displacement technique. 
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Fig. 2 Beam energy dependence of the beam deflection 
angle with the beam steering by the EO-Exit 
displacement. 
